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Abstract
Purpose—To quantify the relationship between coronary heart disease (CHD) risk factor levels
and changes over time and population-wide CHD morbidity and mortality.
Methods—We used a paired cohort and community surveillance of hospitalized myocardial
infarction and CHD deaths of community members aged 53 to 64 in four geographic areas to compare
observed community CHD to expected CHD rates and trends based on cohort risk factors.
Results—Observed CHD rates declined by 1 to 3% per year in all communities except one, while
CHD death rates declined 3 to 6% per year in all communities. Risk factor trends predicted a 2 to
3% per year decline in both total events and death. In all communities except one, expected rates of
total CHD events were lower than the observed rates while expected and observed CHD death rates
were similar. Across all communities women had a higher CHD death rate than expected.
Conclusion—Overall, trends in CHD risk factors provide a useful indicator of changes in
community event rates and of CHD death, but caution is warranted in prediction of absolute risk of
CHD events.
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INTRODUCTION
Despite recent declines, coronary heart disease (CHD) remains the leading cause of death in
the United States and associated costs have risen steadily to $156.4 billion in 2008.(1)
Population risk factors are used as a leading indicator to drive national goals for reduction of
CHD morbidity and mortality.(2) Clarifying the strength of the overall relationship between
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risk factor changes and population CHD morbidity and mortality is important for planning and
evaluation, as is examining variability in those relationships to identify areas where more or
different intervention might be helpful.
Ford and colleagues recently estimated that risk factor changes accounted for 50% of the
decline in CHD mortality between 1990 and 2000 in the US,(3) while Kuulasmaa and
colleagues, using international data, estimated that a 2% decline in predicted risk from risk
factors corresponded to a 1% change in observed CHD morbidly and mortality combined.(4)
To date, no study in the US has examined the effect of risk factor changes on a combined
population endpoint of CHD morbidity and mortality using multiple surveillance communities.
This study presents a paired comparison of cohort risk with population CHD morbidity and
mortality over a 12 year period in four US geographical areas. We estimated the contribution
of measured risk factor levels to observed trends in both morbidity and mortality as well as
examined the utility of cohort generated estimations for population outcomes.
METHODS
Study Population
The Atherosclerosis Risk in Communities (ARIC) Study began in 1986 in four US geographic
areas and two primary race groups: blacks and whites in Forsyth County, North Carolina;
whites in the northwestern suburbs of Minneapolis, Minnesota; whites in Washington County,
Maryland and blacks in Jackson, Mississippi. These geographic areas were selected based on
location, availability of census data, population size, population stability, and feasibility.
Participants provided written informed consent and the study was approved by the institutional
review board at each participating institution. The cohort component, which includes 15,792
participants, is made up of a probability sample from each defined community, ages 45 to 64
at baseline.(5,6) Baseline visits were randomly distributed from 1987 through 1989, and each
participant was invited for 3 follow-up visits. Visits were approximately 3 years apart with the
last visit from 1996 through 1998. Major cardiovascular risk factors were measured at each
visit, including blood pressure, smoking status, plasma cholesterol, and presence of diabetes.
In order to look at corresponding risk factor and event trends over time in the cohort, only
results for ages 53 to 64, which were represented throughout the time period, and events through
1998, the end of the last visit period, are presented.
The ARIC community surveillance component ascertained cardiovascular events occurring in
the study communities after January 1, 1987, for residents aged 35 through 74 at the time of
the event. All eligible CHD deaths were abstracted from death records and additional
information sought, including hospital records and physician questionnaires and next-of-kin
interviews for out-of-hospital deaths. Deaths were reviewed and those with no known lethal
non-atherosclerotic or non-cardiac atherosclerotic process which met the additional criteria for
definite fatal myocardial infarction (MI) (definite hospitalized MI within four weeks of death)
or definite fatal CHD (history of chest pain within 72 hours of death and/or history of chronic
ischemic heart disease) were classified as a CHD death for this study.(7,8) Additionally,
hospital records which met the surveillance inclusion criteria and contained ICD9 codes 402,
410–414, 427, 428 or 518.4 as primary or secondary diagnoses were identified from all
hospitals serving the communities. A sample of the records was reviewed, ranging from up to
100% for code 410 to 10% for codes 402, 427, 428 and 518.4. Records which met the criteria
for definite or probable MI (1;2) were classified as an MI for this study and used in combination
with the sampling weights to represent all eligible incident events. Incident CHD events in the
cohort were also ascertained through annual follow-up and validated as described for
community surveillance.
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The primary CHD event definition used for both the cohort and the community was incident
MI or CHD death, with no exclusion for CHD prior to the study period. A total of 6978 events
were identified in community residents age 53 to 64 from 1987–1998 after accounting for
sampling fractions. CHD deaths were used as a secondary outcome and a total of 1607 deaths
were identified in the community.
Census data were collected by the US Census Bureau in 1980, 1990 and 2000 and included
race, sex and age information on the ARIC communities. By combining census data with the
surveillance data, the following aggregate information was available on the four ARIC Study
communities: race, sex, and age distributions, and CHD events, which are used to report CHD
rates and trends.(9,10)
Additional census data on migration collected in the 5 percent 1990 and 2000 census long form
sub-samples were obtained from the Integrated Public Use Microdata Series database.(11) The
geographic data available corresponded exactly to the ARIC community boundaries for Forsyth
County and Washington County. For the Minneapolis community, Hennepin County excluding
Minneapolis was used. For the Jackson community, the Jackson metropolitan area was used.
Data Analysis
The overall analysis plan is outlined in Figure 1. The goal was to compare the expected
probability of CHD events, generated from the cohort data on risk factor levels in individuals
and aggregated across individuals, with the observed community level CHD rates identified
from the surveillance and census information.
Expected CHD rates for each community were generated through a two step process. First, an
exponential individual level prediction model was generated using the whole ARIC cohort with
each person contributing information from each visit (e.g., a person who came in for all four
visits would contribute 4 observations: visit 1 information with follow-up to visit 2, visit 2
information with follow-up to visit 3, visit 3 information with follow-up to visit 4, and visit 4
information with follow up through the end of 1998). This strategy corresponds to the
population model of an open cohort with individual risk factor information gathered at intervals
and the exponential model fit the data reasonably well. The primary model used age, race, sex,
and risk factor levels to estimate the baseline probability of an event as well as the relative
effect of each variable. Community was not included as a variable in the prediction equation
so as to use the combined experience across the ARIC communities. These estimates were
combined to construct individual probabilities of a CHD event. A secondary model was also
generated with terms only for age, race, and sex and was intended to represent the best
prediction using only demographic information.
Second, to get the expected community CHD event rate in each age/sex/race/center/year group,
the individual expected 1-year probabilities of a CHD event were averaged for all cohort
participants in the corresponding group and visit. This method of summarizing probabilities is
preferable to substituting in the average risk factor level in a demographic group because it
more fully represents the population distribution of risk factors. For example, to get the
estimated rate for 56 year old white men in Washington County in 1990, the average predicted
probability for all white men in Washington County who were 56 years old at Visit 2 was used.
Overall, the median number of individuals contributing risk factor data to each group was 75
(25th – 75th percentile: 18 to 99). To get an expected CHD rate for a community, the individual
group rates were summed using weights proportional to the community make-up from the
census. Each age, sex, race and calendar-year composition was interpolated from census data.
Conversion from five year age groups to individual ages was done using the Karup-King
method.(12) Confidence intervals for the expected rates were generated by bootstrapping from
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the sampling distribution of the model coefficients and bias-correcting the resulting estimates.
(13)
Observed community CHD rates were obtained using the surveillance counts of MI plus CHD
death, weighted for the chart review sampling fractions, divided by the population from the
census. Events in the population were assumed to follow a Poisson distribution and the variance
for the observed rates was calculated by summing the squared sample weights within each
group. For groups with no events, the predicted number of events was used as an estimate of
the variance.
The initial unit of analysis was age/sex/race/center/visit group (480 groups) for the expected
and the corresponding age/sex/race/center/year group (1436 groups) for the observed. Both the
observed and expected rates were then further aggregated to center/year groups for subsequent
analyses. Linear trends over time in each center/race group were assessed using linear
regression; percent change trends were assessed using the log of the rates. The ratio of observed
to expected rates across all age/sex/race/center/year groups were compared using a over-
dispersed Poisson model of the observed events with the expected events as the offset term
and no intercept.(14) Additional adjustment for the variance in the expected rates was
considered but not incorporated since the ratio of the variance in the expected to the observed
rate was small (0.08, 25th–75th percentile 0.05–0.10).
RESULTS
Levels of CHD risk factors for each center and visit are shown in Table 1. In all centers, total
cholesterol and smoking decreased over time. During the corresponding period, the total
population size increased in every community except Jackson, while the age and sex
distributions remained relatively constant. Migration into the centers was fairly limited, with
only 5 to11% in 1990 and 1 to 9% in 2000 of residents reporting having lived outside the center
area five years previously.
Figure 2 shows the relationship between the observed and expected rates for all CHD events
for each center and race group over time. The relationship between expected and observed risk
varied across centers. Expected risk was close to observed risk in Minneapolis, with estimated
risk lower than observed risk in all the other center and race groups. Both observed and expected
CHD rates showed a decline over time in all groups except the Forsyth County black
community. Figure 3 shows the relationship between the observed and expected rates for CHD
death only for each center and race group over time. While the numbers of CHD deaths were
smaller than the total number of CHD events, the relationships between observed and expected
rates are more consistent. Both observed and expected rates declined in every center and race
group. In contrast to the CHD events, the observed rates in the community were consistently
lower than the expected rates based on cohort risk factors in Minneapolis and largely
indistinguishable in Washington County and the Forsyth County white communities. In the
Forsyth County black and Jackson communities, while the confidence intervals were large, the
rate of decline was steeper in the observed than expected.
The expected annual percent change (Table 2) for all CHD events and CHD deaths only was
relatively small (0 to −0.3% per year) when based only on age, sex and race. However, when
risk factor levels were included, expected declines rose to between 2 to 3.2% per year. A similar
pattern of little expected change when based only on age, sex and race was observed in CHD
deaths, with a corresponding increase in the expected change when risk factor levels were
included. For CHD death, the expected change using the risk factor levels ranged from 59%
to 27% of the observed change (i.e. an observed to expected ratio of 1.7 to 3.7). For all CHD
events, the expected change was 83% to 333% of the observed change, or an observed to
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expected ratio of 1.2 to 0.3, not including the Forsyth County Black community due to opposite
directions in the expected (−3.2%) and observed (1.4%) changes.
A more finely detailed comparison of the ratio of the observed to expected number of CHD
events and CHD deaths over all groups is presented in Table 3. For total CHD events, there
was strong evidence for the observed rate being larger than the expected rate for each
community (Washington County, 26%; Forsyth whites, 25%; Forsyth blacks, 36%; and
Jackson, 13%) except Minneapolis. The ratio of observed to expected rates was slightly greater
with increasing age and there was no evidence of a difference in the ratio of observed to
expected by gender, nor by calendar year, except in the Forsyth County black population. This
suggests that in four of the five groups, the slopes of the expected and observed values are
similar over time. When CHD deaths were used as the outcome, the only community with a
disparity in the ratio of observed and expected rates was Minneapolis, where observed rates
were 31% lower than expected. Additionally, women had 18% higher observed rates than
expected, while observed annual rates of change of CHD death were similar to expected in all
groups.
DISCUSSION
We found that rates of CHD events calculated from cohort risk factor information were lower
than the observed rates in most of the source communities. However, the slopes of the observed
and expected CHD rates were similar over time. Further, CHD death was well predicted in
most of the communities. These results suggest that traditional individual level risk factor
information from a cohort can provide predicted CHD event and CHD death rates that are
useful indicators of trends expected from community surveillance but that prediction of
absolute rates is less reliable.
These results confirm previous studies showing that aggregate risk factor changes track with
expected CHD mortality and mortality changes.(4) Since a single model of event rates was
used in our study across visits and communities, differences in the expected rates over time
and across communities are driven by differences in the risk factor distributions. Our findings
also support Ford and colleagues suggestion that approximately half the decline in CHD death
was due to changing risk factors.(3) However, for all CHD events, the estimated decline in
events was greater than the observed decline, suggesting that risk factor changes may be overly
optimistic in predicting CHD morbidity change.
Our results add to the previous literature in examining variability across populations as well.
While previous studies have found weak associations of individual baseline risk factors with
CHD mortality (15,16) we found no evidence that the expected CHD mortality based on
combined risk factor levels was different from the observed mortality in four out of our five
groups. However, we did see substantial evidence that the expected combined CHD events
were different from the observed in four of five groups.
The findings build on the combination of strengths in the data, including the ability to compare
across four different geographic areas as well as two racial groups. The availability of multiple
sources of prospective data collection, including adjudicated surveillance of fatal and non-fatal
CHD events for the entire community, allowed us to examine all CHD events rather than
focusing primarily on mortality, while the collection of risk factor data at multiple time points
allowed for flexibility in the modeling strategies used. Using the combined cohort and
surveillance offers additional information over an ecological analysis in which the relationship
between the risk factors and outcomes is unknown on an individual level, as well as additional
information over only a cohort design in which the relationship of the cohort to the larger source
population is unknown.
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This study makes two main assumptions. First, it assumes that the risk factor distribution in
the community is the same as the distribution in the cohort, conditioned on age, gender and
ethnic distribution. This assumption, while strong, is not unreasonable. The cohort was chosen
and recruited to represent the community at the time of enrollment and response rate for the
clinic visit varied from 67% of identified eligible participants in Minnesota to 46% in Jackson.
(17) While this response rate is within the range reported in similar multi-center studies (4),
participants were more likely to have completed high school, have a higher income, not
currently smoke, report excellent health (white men and women and black men), have
hypertension (black men) and have high cholesterol.(17) However, the mean total cholesterol
levels in the black cohort members somewhat higher than would be expected relative to the
white cohort members based on patterns seen in national cross-sectional surveys (1). This
relatively healthy cohort may explain why observed rates of MI were higher than expected at
the beginning of the study period. However the persistence of the difference between expected
and observed is perhaps less expected, as the healthy cohort effect might have been expected
to diminish over time. Retention rates in the cohort for each of the four visits ranged from 93
to 81% and overall five year migration rates were low (5 to11% in 1990 and 1 to 9% in 2000).
Aside from the Forsyth County black community, the consistency of the change over time for
expected and observed rates suggests that the migration patterns were not a strong influence
on these results.
The second assumption is that the relationships between the risk factors and the likelihood of
a CHD event observed in the cohort are the same in the reference community cohort. While it
is highly plausible that the total relationships are not identical, the assumption of some
biologically consistent component seems reasonable. This assumption of biological
consistency is used in the wide application of the Framingham risk score (18) and other risk
scores in clinical practice and has been confirmed in studies which compare the relative hazard
for each risk factor across populations.(16,19) Participation in the study itself might also dilute
the effect of risk factors, as participants might be more likely to get treatment for elevated risk
factors than non-participants.
In conclusion, total CHD incidence declined by 1 to 3% per year and CHD mortality declined
by 3 to 6% per year over the study period among 53–64 year old men and women in all ARIC
communities except the Forsythe County black community, where the CHD incidence
increased. CHD risk factor trends within each community predicted a decline of 2 to 3% per
year in both CHD incidence and mortality. Overall, CHD rates parallel the trends in expected
rates based on cohort risk factors but declines in mortality were steeper than expected,
particularly among blacks.
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Figure 1. Diagram of Analysis Method
Expected coronary heart disease (CHD) rates in each community were generated through a
two step process: 1) an exponential individual level prediction model was developed using the
whole cohort with each person contributing information from each study visit; and 2) the
individual predicted 1-year probabilities of a CHD event were averaged for all cohort members
in a given age/sex/race/center/year group to get the expected CHD event rate for the group.
Observed CHD rates were obtained using the surveillance event counts, weighted for the chart
review sampling fractions, divided by the population from the census.
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Figure 2. Observed and Expected CHD Event Rates per 100,000 Person Years by Calendar Year
and ARIC Study Center Group
Confidence intervals are generated using ±1.96*SD for the observed and are the bootstrapped
2.5% and 97.5% quartiles for the modeled values.
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Figure 3. Observed and Expected CHD Death Rates per 100,000 Person Years by Calendar Year
and ARIC Study Center Group
Confidence intervals are generated using ±1.96*SD for the observed and are the bootstrapped
2.5% and 97.5% quartiles for the modeled values.
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Table 3
Estimated Ratio of Observed to Expected Coronary Heart Disease (CHD) Events for 53–64 Year Olds
All CHD Events CHD Deaths Only
Ratio 95% CI Ratio 95% CI
Minneapolis White 0.96 (0.88 – 1.05) 0.69 (0.59 – 0.80)
Washington Co. White 1.26 (1.15 – 1.39) 1.01 (0.86 – 1.17)
Forsyth Co. White 1.25 (1.16 – 1.35) 0.94 (0.83 – 1.07)
Forsyth Co. Black 1.36 (1.20 – 1.54) 0.89 (0.72 – 1.07)
Jackson Black 1.13 (1.00 – 1.28) 1.02 (0.93 – 1.20)
Calendar Year for Minneapolis White 0.98 (0.86 – 1.11) 0.91 (0.73 – 1.13)
Calendar Year for Washington Co. White 1.04 (0.92 – 1.18) 0.93 (0.76 – 1.15)
Calendar Year for Forsyth Co. White 1.07 (0.97 – 1.18) 0.92 (0.78 – 1.09)
Calendar Year for Forsyth Co. Black 1.26 (1.06 – 1.51) 0.83 (0.63 – 1.09)
Calendar Year for Jackson Black 1.04 (0.88 – 1.23) 0.82 (0.66 – 1.03)
Age (per 5 year increase) 1.01 (1.00 – 1.02) 1.02 (0.93 – 1.12)
Female 1.07 (0.98 – 1.16) 1.18 (1.03 – 1.35)
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